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‘SUMMARY

Various meéthanical and physical properties of severdl  “"
expanded plastics and other low-density materials of inhtdr&st™
for aircraft applications, such as heat insulation or 'the -
core of a sandwicH material, were investigated. The materials
included in thé& pProgrdm were ceéllulose acetate plastile, pdly-
styrene, a urea-formaldekiyde reein, a zein product, hard ruab-=
ber,  balea wood, ahd ée€lluler glass. The properties studied
included density, “thermal conductivisy, dimensional stability
on-exposure té .extremes§' of temperaturé and relative humidity,
resistance of fthe datérials to chemicals, and flexural and .
compressive strengths and moduli of elasticitwv.’ .

'The ‘dedsfty 6 the polystyrene expanded material was a ..
fourth ufea-férmaldehyde one-half, and "hédrd rubber and cel-h.
luloee acetdtée about the same as that of the low—dene{ty ;.;2
balssa, :0.08 grem “per cubdic centimeter.‘ The other materiale
had‘greater deﬁs{tles than balsa. :;"'_ T
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The har&' ubber had the lowest fhermal conductivity ot
the-materdials tested and eompared faverably with commercial
insulating materials. LT
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The €lass and polystyrene expanded materials exhibited
the smallest changes in weight and in dimensions on exposure
to extremes of temperature and relative humiET_y Only the =
glass material 'remained unaffected after 7: months' outdoor
exposiure. The least dimensional and percentage weight changee
on immersion in various chemicals and after drying were ‘exhib-
ited by the glase product and hard rubber 1n that order.

Y . -

Belsa was greatly stperior to- the other miberidls in ¥

modulus of rupture in bending:'and in flexiral modulus of
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of elasticity. The hard rubber had- the highest modulus of
rupture and flexural modulus of elastlicity of the expanded
organic materials. On & stiffness-welght basis, the flex-
ural properties of the polystyrene approached those for the
balsa, Balsa was much superior to the other materials in
compressive properties. '

INTRODUCTION

N

- Recently, various expanded plastics of low-density and
porous structure have been developed. Some information on
the mechanical properties of four such materials, cellular
cellulose acetate, calelum alginate, and two cther materlals
believed to be natural or synthetiec sponge hard rubber, has
been reported. (See reference 1,) As the density and cell
structure can be varied in these expanded materials, they
gseem promising for eeveral applications in the field of alr-
eraft construction, They may have low enough thermal conduc-
tivities to make them useful for heat insulation. If thelr
strength-density properties are reasonably good, the expanded
products may find application in the core of a sandwich ‘matae-
rial 'haviing high-strength, high+«density faces, In this con-
nection 4% 1s worth noting that balsa wood is belng used suc-
cessefully as a core material in the structure of the Mosquito
bomber. (Ses reference 2.)

The. purpose of thls investigation was to obtain informa-
tion regarding the properties of several types of expanded ¢.
materials ‘which are available from commercial sources. .With:-
this .information it should ‘be possible to select materials .. .-
for specific applications. The properties invesgtigated were
denslity, thermal conduectivity, dimensional stability on ex-
posure to extremes of temperature and relative humidity,
resistance of -the materials to water, lubricating oil, gaso~
line and other chemicals, and flexural and compressive
strengths and modull of elasticity.

The expanded plastics included in this investigation
were cellulose acetate, polystyrens, a urea-formaldehyde
resin, and a zein (protein) base produat, Other materials
studlied were. = cellular ‘hard rubber, balsa wood, and a cel-
lular glass. ; : . -

This 1nvestigation; cbnductéd at the National Bureau of
Standards, was sponsored by and conducted with the financiel
assigtance of the National Advisory Committee for Aeronautics.
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The materials tested and thelir description, including
some date from the manufacturer,.were as follows:

(a) The cellulose acetate expanded plastic was furnished
in sheets 0.5 inch thick with ¢ylindrical cellsg oriented per-
pendicularly to the plane of.the sheet, This'material, sup-
plied by B. I. du Pont de Nemours ,and. Company, was "formed
by firet mixing cellulose. acetate with solvent treating it
under variable temperature and pressure conditions, and 8xX—
panding it by suddenly releasing the preseure

(v) The polystyrene sxpanded plastic was supplied by the
Dow Chemical Coppany undey the designation 1Q-103 Siyrofoam,"
in sheets 1 inch 'thick with'closed, &approximately spherical
cells about 1/16 inch in dlameter. . . 1’ .

(c) The nrotein-base sponge ‘'was made frdm zcin ‘with’ 40
percent plasticizer ‘dnd was supplie& in- sheets about 1. 4 B
inches thick! This material, madufastafed By thg B. F.
Goodrich Company under ‘the des gnatiod” "hard Anak sponge1 has
a closed, spherical cell etructure witH 881lls of " approximately
1/32-inch diameter. The faces have & fhin’ skin of ‘the’ g&md

L R IS N

composition as the core. T . iy L
4 PR ‘_'pxy_ - . . -

(d) Ehé urea-formaldehyde resin - gkbanded plastic, “Resin
Foam," 'was made by’ the Gsodyear Tire and ‘Hubber Company’ in .
the form of slabs: aﬁout ‘Z"inches thick 'wifh approximately
spherical interconnecting cells The mantfacturer states
that the material %ie made from urea-formeldethe resin
frothed with the ald of = frothing ‘materizl and sé&% by the”
addition of a setting material after it is poured in the de-
sired’ ghape ! ) : ) =
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(e) The hard rubber expanded material was made in slabds
1 inch thick by the United States Rubber qupany and desig-
nated "§2366 hard cellular board. This. ‘prodict contains 35°
percent, filler and 1Q percent softener and ,hes a skin of the
same composition a8, the core. . The material has closed, gp-
proximately spherical célls about 1/50 inch in diameter with
e few larger cells, about 1/16 to 1/8 inch in diameter,
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(f) Balsa wood, in two densities, was supplied in the
form of boards 2 to 4 inches thick by the Naval Air Bxperi-
mental S8tation, Navy Yard, Philadelphia, Pa P

(g) Glasa, in the form of & closed. spherical cell prod-
uct, called YFoamglass," was furnished in 2-inch-thick slabs
by the Pittsburgh Corning Corporation. The Foamglass was
"ecoellulated by the evolution of 1nternal gas at high temper-
atures." §

‘TEST PROCEDURES AND EQUIPMANT

The procedures employed were gimilar, Iin general, to
those described in Federal Specification L-P-406a. (Bee ref-
erence 3.): The specimens for the various tests were condi-
tioned at 77° F and 50 percent relative humidity for at least
2 days prior to test and tested under these conditions unless
otherwlee specified.

Weight and Dimensional Measurements

The specimens were welghed on an analytical balance of
the magnetlically damped type which permlits rapid weighing.
In measuring the dimensions of the specimens it was found
that some of the materials were soft enough that the foot.of.
an ordinary dial thickness gage would sink in a considerable.

amount, 4 Schiefer compressometer (fig. 1) was used for di-”

mensional measurements since:with this instrument a light¢
controllable losd can be applied-to the dial foot, (See ref-
erence 4.) Tor most measurements the force on the l-inch-
dismeter foot was adjusted to 0.1 pound. In this instrument,
the lower dial graduated tn 0,001l-inch units indicates the
thickness of the specimeh and the upper dial, the pressure

applied., For some tests the changes in softnees of the mpte:';

rials were estimated with the compressometer by .measuring, the
dimensions for two different pressuras.

The density 'of the test epec1Mens was calculated from
welght and dimensional measurements,

The thickness of the test specimens was the same as that
of the ‘esheets supplied, except -for the balsa, in.which case
the- specimens were taken from l-inch-thick planed boards.

The lengthwise direction was taken along the Leggth of the
sheet; 1f-the sheet was square, .the lengthwise direction was

e ot . T
. m Tt . ' ¢ ’ N H o . 7‘!‘
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arbitrarlly chossn. - For the balea thé lengthwise directicn o B
was with the grain. '~ .. _— ==

v . B T
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Therhal'conductivity

The materials were tested .in an 8-inch guarded hot platse
apparatus 1n a manner similar to that described in Federal
Specificatlon LLL-F-321b. -(See reference 5.) The specimens,
8 by 8 inches sguare, were dried in an oven at 140° to 150° F
for about 16 hours prior to.test. Do ol

sl

Resistance to HBxtremes ef'Temnerature.and'Eumidity_

The materials were subjected to the accelerated service
tests described in Method 6011, Federal Specifieation LP-406a.
(See reference 3.) The conditions in thess tests are as fol-
lows:

ey

88 percent relative humidlty

70 to 75 percent relative

.Test V: 24 hours at 175°
e bhumidity . o .
24-hpurelat:—40 O F, dry-ice refrigerated box

24 hours: athl75° in ecirculating-air oven

34 -hoursy.at, ~40° F' dry—ice refrigerated box

.- 1 [

Duplicate epecimene cf each material 3 by 3 inches by the
thickness, were subjected tg the five tests in the order iisted,
and were weighed and meéeessured infitially and after each exposure
period.

-

Test I: 24 hours at 140°. F, _
24 hours at 140° F.'ih'circulating-air oven
Test II: 72 hours at 1400 F, in circulating-air oveg -
-~ Test III: 24 Hours.at 160° F, 70 ‘to 75 percent relative..
. humidity . ' o
’ 24 hours at 160° 'F, .in circulating-air cven -
' Tegf IV: 24 hours at 1759 ﬁ.:about 100 percent relatIve
o L . " "humidity : LT TR
“+ ©  '24 hours at 175° ¥, .in circulating air oven
F
¥,

Accelerated Weathering
The materials were subjected to alternate exposure to a
temperature of 150° F in a circulating-air oven and to0 mois-
ture in a fog chamber at a temperature of 77° F. The daily
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schedule included 2 hours in the fog chamber, 2 hours in the
oven, 2 hours in the fog chamber, and 18 hours in the oven.
The duration of the test was 240 hours. Two specimens of
each material, 2 by 2 lnches by the thickness, were weighed
and measursed initially and at the end of the test.

Natural Weathering

Samples of the materiale were placed outdoors on March
15, 1944, in Washington, D. C., on exposure racks that faced
gsouth and were inclined at 45° to the horizontal. Two flex-
ure test speclimens were cut from each sample prior to the out-
door exposure. It is planned to make flexure tests on speci-
mens teken from the samples after a year's exposure. The
samples were examined May 15 after 2 months' exposure, and on
October 17 after 7 monthe' exposure.

Resistance to Chemicals

The materials were tested for their resisgtance to the
following chemicals: water, 95 percent ethyl alcohol, ethyl-
ene glycol, glycerol, diacetone alcohol, SAE 10 motor oil,
heptane, and an aromatic gasoline blend consisting of 60 per-
cent 100-octane gasoline, 20 percent toluepe, 15 percent xy-
lene, and 5 percent benzene. One specimen of each material,
2 by 2 inches by the thickness, was weighed and meéasured be-
fore and immedlately after immersion for 7 days. The meas-
urements were repeated after 7 days of air drying. ZTach
specimen was placed in a separate container. A duplicate set
of specimens was subjected to the 24-hour water absorption
test described in Method 7031, Federal Specification L-P-406a.
(See reference 3.) - '

The softening of the specimens immefsed in chemicals
wag measured with the compressometer in the following way.
The length, width; and thigkness measurements before and
after immersion &nd on drylng the specimen were made with
both a 0.1~ and & l-pound force on the dial fooet. The dif-
ference 1in hundredthe of en inch between the measurements
with the two loads on the dial foot is defined as the soft-
nese index. S S :

Flexure Tests

Flexure tests were made with a self-alining, adjustable-
span flexure Jig (fig. 2) mounteqf}n e universal hydraulic

weu wTE
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testing machine. After the flexure Jjig had been centered

and alined relative to the pressutre pilece 4, it was kept in
place with a magnetic chuck B. The span could be subse-
quently adjusted to eny value from 1.6 to 9 inches by means
of the calibrated screw € wlthout recentering or realining.
The support pieces D each had & radius of 0.125 inch and
the pressure plece a radius of 0.50 inch. The deflection of
the specimen at the center of the span was indicated by a
Southwark-Peters plastics extensometer B attached to an
equal-arm lever F in contact at one end with the lower face
of the test specimen. A flat pilece of plastic was placed be-
tween the epecimen and the end of the lever to keep the edge
of the lever from pushing into the test specimen. With this
apparatus and the associated recorder, load-deflection graphs_
were obtalined during the testing. A specimen in place ready"
for testing 1s shown in figure 3,

The testing machine had a capacity of 2400 pounds and a
low range of 240 pounds which was used for most of the tests,
The estimated error of the load indicator when fthe load-
deflesction graphs were made was less than 0.5 pound for the
240-pound range. The deflection indlicator was accurate to
within 5 percent in the range of 0.01 to 0.1 inch and 2 per-

cent .in the range 0.1 %0 0.4 inch. s

" The epecimens w&re 2 .inches wide and had a depth equal -
to the thickness of .the materialy the span- depth ratio was
maintained at 7 to 1., Tests were made for the two zredes of
balsa with a flexure jig of larger span to obtain modubus of
rupturg values for. a span-depth ratlo of 16 to 1, :

- The m@dulus of.rupture lér ‘was calculated from the -
usual formula* - or : i EEREE I

PR Oy T R L S L ) - R . - - —_ e — e oL e e
et n R T . BR -
1 . - I3 L . T
_ . - e .
.whe:pe -t - . - -”1': -
2 . M. .o T RENY .- = = —
T Ctmasg el DD :
P maximum load -
T - b‘_pan . R _ o SRR f‘j~“’::.._‘!"..: :_{l.i:)_ -
b width S 'f?' . : ST T s
h -depth of the specimen N o )  ‘:.3 -JT'T___;;T

The slope of the straight nortion of the load-deflection
graph was determined, and from this the "effective flexural "
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modulus of elasticity," By, neglecting the deflections due
to shear and to concentrated loada at the supports. was cal-
culated as follows:

wvhere P/x is the slope of the loadedéflection gr&ph. The
other quantities were defined for the preceding equation,

Tests were made both with and without plywood or acry-
late resin pads at the egupport pleces to determine the effect
of the local deformation on the flexural modulus of elastic-

ity.
Compression Tesgts

The materials were subjected to flatwise and edgewise
compression tests. Two universal hydraulic testing machines
were used to accommodate the wide range of maxlimum loads re-
quired for the various materials. One had ranges of 240,
1200, and 2400 pounds and the other had ranges of ‘2400,
12,000, and 60,000 pounds. Specilal bearing blocks were coh-
structed with brackets (fig. 4) to permit using the Southwark-
Petors plastices extensometer for deformation measurements.
With this equipment and the associated recorder, load~deforma-
tion _graphs were obtained during the test. )

. The flatwise compreession test specimens were 3 inches
square with the height equel to the thickness of the sheet
except for the balsa, The latter specimens were cut from 1l-
inch-thick planed boards. Tests were made both with and with-
out an alumimum alloy spherical seat. Figure 5 showe a poly-
styrene specimen ready for test with the spherical seat in
place and the extensometer attached to the brackets. When
the spherical seat was used, it was ad justed so that the plane
surface of the top part was parallel to the surface of the
upper flxed bearing block. .

The edgewise compression tests were made on lengthwise
end crosswise specimens the heights and widths of which were
twice the thickness., The balsa specimens were taken from 1-
inch-thick planed boards. The ends of the specimens were
made flat and square on a sanding disk, Most of the materi-
ale were tested without the spherical seat. 4 balga specimen
én place for edgewise compression testing is shown in figure
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RESULTS AND DISCUSSION
Density -

+
v

The densities df the specimens were determined.in many...
of the tests, and the values gre shown in the tables.. THQ ~
approximate average densities of the expanded materials ip
grams per cubic centimeter are as follows: . cellulose aceﬁ@ie,
0.08 to 0.09; polystyrene 0.02; zein 0.16 to 0.18; urea- -~ '~ °
formaldehyde 0.04; hard rubdber 0.07 %o 0.08; low-density balsa
0.07 to0 0.09; high-density balsa 0.16 to 0,32; glass 0.16 to
0.17.
e ot Thermal Conductivity - ;jf;;f“ 0

The résults of the thermal-transmission_meagu:éﬁents'aiqf
given~in table I. The hard rubber had the lowest,conducétiv-
ity, the value for X T©Dbeing 0.25 Btu per hour per sguare _
foot per -degree Fahrenheit per inch at 95° F, This compares
favorably wilth many.of the rigid -and most of the fibrous com-
mercial insulating materials. (See references 6.and.7.)

Résistance to -Extremes of Temperature and Bumidity

The ‘resilts of these tests are given in table II. The
least weight changes, less than 14 percent, were shown by. . .
polystyreﬁe.lj’The glass also exhibited very slight changes, .
in weight. The hard rudber, zein, and low-density balsa ex-. .
hibited’ weight changes of 5 to 20 percent when subjected.
alternately %o high and low relative humidities,.. X DoF e

.. ..Theé '1é4pt dimensional changes wéeré& exhibited by the 'in-
orginic broduct”glase, and the polystyrene: the changds For:l's:
these ‘mat&rials were generally less than 0.5 percert, Thelvih
gtzss mateérial ‘crliimbles at the surface of contact on hangling:
which eéxpledins the negative trend of ‘the changes. The other '*
matéridlis-exhibited chinges ot about 1 to 5 percent when ex— |
posed alternately to high and low relative humidity, =~ ~—

‘In contrast to the.other organic materials, the poly-
styrene regularly lost weight during a high-huridity period
and gained welight during the following low-huridity condition. ~
The reason for this is not known, but sinée the changes _weTe
small this behavior may not be.significant. o ' L s

- ) -
J A ’ . [t

i
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Accelerated Weathering

The changes in welght and dimensions after the 240~hour
oven-fog test are given in table IIXI. The resultant changes
in weight were less than 1 percsnt for cellulosg acetate,
low~-density balsa, and glass, and between 1 and. 2 percent
for the other materials. The resultant changes ipn. the dimen-
elones were between 1/2 and 3 percent for all materials and
nearly all of the changes were negative.

Natural Weathering

The condition of the samples exposed out doors ls shown
in figures 7 and 8. The results of warp and shrinksge meas-
urements are given in table IV for the 7-months! exposure
period. The inorganic glass product exhlbited the least
shrinkage and warp and appeared unaffected by the exposure,.

The polystyrene exhibited very little warp or shrinkage,
but the face exposed to the light had become embrittled. with
the result that erosion by the wind reduced the sample  t.0 .
half 1ts original thickness. The specimens of polystyrens
which had been subjected to the heat-fog accelerated weather-
ing test did not show this surface embrittlement. Specimens
of polystyrene were subjected to the ultraviolet light-fog
accelerated weathering test described in Method 6021 of
Federal Specification L-P-406a (reference 3); the material
turned yellow and the surface became sufficiently brittle 80
that it could be eroded by blowing a stream of alir over the
surface. Thie behavior was similar to that observed on thq
specimen exposed outdoors for 7 months.

The greatest dimeneional change of the hard rubber in
elther direction was less than that of the balsa in the cross-
grain directlion in which the greatest change occurred for
this wood. However, the hard rubber developed & greater warp
than the balsa. The changes in the dimensions of the cellu-
loge acetate and zeln were 10 percent or more, and these ma-
terials warped badly.

Hegistance to Chemicals

The data for weight and dimensional changes for the ma-
terials subjected to immersion in chemicals and to alr-drying
are given 1n tables V, VI, and VII, The data on softnesd . .:
indices for the materiasls before and after testing are given
in table VIII.
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The lowest percentage weight changes on immersion were
shown by the glass. In making a comparison of percentage
change in welght, however, the densitlies also need to be con-
gidered. TFor exanmple,.glass, hard rubber, and polystyrene,
on absorbing equal weights of the same chemical would have
percentage increases in weight of 1:2:8 as the densgities are
in the ratio g:2:1. Hard rubber and the low-density balsa
are of about the same density and are readily compared. The
hard rubber absorbed much less chemical in all instances
than the balsa..

The hard rubber exhibited dimensional changes of less
than 1 percent in all chemicals except the gasoline blend
for which changes of 1 to 2 percent were noted. This expanded
product compared- favoradly with glass in this respect. The
low-density balsa in the direection of the grain exhibited di-
mensional changes of less than 1 percent for all chemicals bdut
pervendicular to the grain changes of 2'to 3 percent were ob—
tained for several of the chemicals ineluding the alcohols.
The celluloss acetate dlesolved in acetone and diacetone alco-
hol and showed changes of about 5 percent In’ the length and
width for immersion in ethyl alecohol and ethylene glycol.
The polystyrene was dissolved by acetone anf the gasoline
blend, shrank about 45 percent on immersion in hentane, and
swelled about 22 perdent in'diacetone alcohol.: The remaining
five chemicals caused dimensioral changes up 'to 1.5 perceant.
The dimensions of the zein were principally affected by the
alcohols end ecetone, and the changes in dimensions for the
other chemicéals Wwerdg &- ‘few percent. The urea-formaldehyde
materfal- exhibited dtmensional changes 'of less than 1 percent
for mdtor 0il; heptane and glycerol and less than 5 percent
for tﬁe other chemicals employed "

dagz . _ - . -

The 24 hour Water absorption test (table VID gave results
cdmparable to thoée obtained in the 7-day immersion in water
tests.

FProm the data in table VIII it is concluded that zein is
gsoftened by water, ethyl alcokélj-ethylene glycol, and diace-
tone alcohol; and that hard rubber is softened by the gasoline
blend. The slight ehanges insefftness indéx: obtained in other
instances are not considered significant v : !

Flexure Tests o
’ 'The results of the flexure tests are given in- table iX.
Sample”load-deflection graphs are shown in figure 9.

.
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None of the materials tested had flexural modulus of
elagticity values comparable to the balsa. The highest value
obtained for a synthetlc material was about 5000 psi for hard
rubber compared to a value of 195,000 psi for balsa of slight-
ly higher density. Unsatisfactory load-deflection graphs
were obtained -with the glass so that 1ts flexural modulus of
elasticity was not .obtained. The glass underwent intermittent
crumbling at the pressure .and support pieces and, since the
deflection was measured relative to the supports, the result-
ing load~deflection graphs were very irregular, S

The strength of the balsa was much greater than that of
the other produects, The modulus-of-rupture values for the
strongest materials wers .as followsg!: high- and low-density
balsa, 5000 and B800 psi, respectively; glasse, 100 psi; and
hard rubber, 90 psi,

¥hen-the materials are compared on the basis of specific
strength values, the polystyrene 1s comparable to the balsa
in stiffness and in specific.modulus of ruptufe, The hard
rubber .18 the second best eynthetic material with a tenth of
the stiffness and a tenth of the speoifio modulus of rupture
of balsa of the same density.

‘The- flexure test data for balsa compare reasonably well
with values, reported by the Forest Produots Laboratory (seae

reference 8. ) q.

Prom the teets with and without the pads a the support
pleces, 1t 1is concluded that the local deformation due to-
concentrated loads did not affect the flexural modulus of
elasticity data appreciadbly for the polystvrene and hard rub-
ber. In the case of the low-density balsa, however, tests
without plastic pads resulted in flexural modulus of elastlc-
ity valuee less than half of the corresponding values obtainad
with plastic pads. :

T~
.ol s .

Compresaion Teqts.’ :fi_; - ' .
.1 . [ A

P

The dat& For the flatwise and edgew;se compresaion tests
are given in tables X and XI, reapeotgvelv .. Average Btress—
strain curves for the various materials ere shown in figures
10 and 11, Typical load-deformation graphs as obtained on
the recorder are illustrated in figures 12 and 13.

The :cellulose acetate with the,fibqrs or celle orjented
in the flatwise direction. exhibited the highesﬁ flatwise

A
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compressive modulus of elasticity of the synthetic organic
materials, 3400 psi. The average value obtained for balsa
of slightly lower density was adbout 1500 psi.

'The flatwise compressibility -of .the balsa is apparently
very sensitive to the density; when the density.was inecreaged ,
two to three times, the effective modulue of elasticity val<y’
ues -were multiplied tenfold or more. The polysiyrene, zelm,sus
and hard -rubber were: gbout egual .in flatwise modull of elas-. .-
ticity, exhibiting values of 300 to 600 paik. The ‘tendency
of the glass to crumble at the bearing surfaces makes the
modulus of elasticity datae for this material uncertain.

*In the edgewlise compression tests the method of measur- -
ing the motion of the heads (fig. 6), & non-averaging method.,
was checked with a peir of dial gages placed symmetrically
relative to the axis of the testing machine heads. Good
agreement was obtained by the two methods for edgewise tests
of low~density balsa, both lengthwise and crosswise. OConsid-
erable error, however, was obtained for the high-density balsa
the modulus of elasticlty of which was five to seven times
that of the low-density -balsa, As all the.synthetic produets
exhibited moduli of elasticity much less than the low-density-
balsae, the non-averagling arrangement shown in figure 6 was
considered satisfactorv for these materlals.

i R A T I

- The 'hard 'rudbber had the highest effective modulus of
erwsticity of the expanded ‘organic materials in the edgewise
testes. ' The value for ‘the rubber product was about 4000 pei
compared to 100,000 psi lengthwise and 3500 psi crosswise for
balsa of thed same den'sity. ! The compressive moduli of .elas-
ticity “obtained for the hard rudber in the edgewise tests
were much highér ‘then those obtained in the flatwisde testé, -
The skin on thisg material probably caused most of the In- """ =~
crease. The 'polystyrene and zein exhibited compregsive mod-= ..
uli -of about 800 psi in the edgewise tests. The modulus.of ..
elastlcity/density ratio for polystyrene ‘i's about a fortieth
of the corresponding ratio for the low-density balsa in the
lengthwise direction ‘@nd about requal to the correspon&ing
ratio . in the'crosswfsm direction. Lo . -

The compressive yield stress of the - low—deneity balea “
for thbh» lengthwise direction was 700 psi compared to 50 psit
for mard rubbar and 16 pei for polystyrene.
. ce: " e e e e
Qhﬂ compression test date for ‘belsa compare reasonably
well with the values given in reference 8.

N R . . REEEES - . - ; ST
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 CONGLUSILONS | L

1, The density of the polystyrens expanded material was
s fourth, urea-formaldehyde a half, and hard rubber and ecel~
lulose acetate about the same as that of the low-denslty
balea, 0.08 gram per cubdic centimeter. The denslties of the
zein and glass expanded materials were greater than that of
“the low-density balsa. :

2. The hard rubber had the lowest thermal conductivity
of the materials tested and compares favorabdbly with many of
the rigid and most of the fibrous commercial insulating mate-

rizle.

3. The least welght aend. dimenaional changes 1n the tests
involving extremes of temperaturse and humidity wers exhiblted
by the glass and polystyrene sxpanded materials,

4. The organic products were all affected to some extent
by 7 months' outdoor exposure; the glass product was unaf-
fected. ' .

5. The least dimensional changes and lowest percentage
welght changes on immersion in various chemicals were exhibd-
ited by glass and hand rubber in that order. For these mate-
rials the dimensional changes were legs than 1 percent except
in the case of hard rubber in an aromatic gasollne blend.,

6. Balsa was much superior to the other materials in
flexural propertles. In flexure, 1ts modulus. of elasticity
wag forty times and ite modulus, of rupture was nine times the
value’s for hard rubber of the same density, .the strongest
organic synthetlic material. When the density 1e taken into
account, polystyrene approached the balsa in specific flex-
ural modulua of elasticity and’ specifio modulus of rupture.

Ealsa was much.superior to the otner materiala in
compressive properties. The cgllulose acetate with cylindri-
cal cells oriented perpendidularly to the’ plane of the sheet
had a flatwlse compressive modulus of elasticity that com-
vared favorably with the corresponding value .for balse of the
same density. The edgewise compregssive modnlus.of elasticity
for hard rubber. the most rigid of-the synthetic organic.

products, was 4 percent of the’ edgewise value for the 1ow-_ v

density balsa iIn the lengthwise direction.. The compresaiva
yield stress for the low-density balsa in' the lengthwise
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direction sas Mmore than ten times the value for the hard rub-
ber product.

National Bureauw of Standards, .
Washington, D. 0., March 8, 1945.
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TABLE I,- THERMAL GONDUGTIVITXAOF LOW-DENSITY MATERIALS

Density, Thermal
Material Thickness oven-dried conductivity1, X
(12.) (1b/£3)| (g/em®) | (Btu/hr/ft2/O0F/in,)

Cellulose

acetate® 0.56 5.3 0.085 0.40
Polystyrene 1.1} 1.0 L0186 .35
Hard rubber .98 4.3 .069 .25
Balsa, low- .

density?® 1.00 5.8 . .093 .32
Bglsa, high- .

density?® .74 10.0 .16 ' .41
Glass® ’ 1.0 10.3 .165 |, - .53

1The mean temberature for these tests wae 1n the range
92° to. 1oo° Fooo R At e o
aThe test specimen consisted of two thicknesses of'this'-
material giving a total thickness of 1,12 1in.

N

3‘I'he test’ specimen consisted of pleces 4 b& 8 in. butted .
together at the edges to form 8 in. squares; all pieces'wgre
cut from the same board. . .

The naterisl used In this test was:from a ‘différent
shipment than that used for the ather. testa on expanded glase,
The specimen was oven_dried at 2600 T prior to test. -



TABIE IT.- OHANGES IN.WEIGHT AND DIMXNSIONS OF LU'I-IIHIH' MATERTALS ‘TN ACCELERATED SERVIGE MEBTS

“OR H1 ¥O¥X

188

TIVOLYING EXTAXES OF TIMPERATURE AND BUMIDITY'
Tossy E Teat IEI % B _J
o after | Change after [T Ohengs after o sfter ﬁiung- afser | Change atter mﬁp sftexr | Chango af toX|
24 honrs 34 bonrs 72 hours 2 hours 24 hours 24 honrs eh N ha & howrs
at 1T, at 1300F :.: 1haor 73_1 160"1'&. ;.t 16007 73-? 1 o at :.t 1 at =4OOF
R.H. in oven ayen v n aven s Ha T ovan
’___mmu £) - ) %) TE) (%r ) {%} (%)
¥.£ 1 6 E T
Gallulose aceinte * z.z - 6.0 - 0,2 + 3. - 3.6 + 6.9 - 6.8 + 1.6 + 0. - b8 + P,
Polystyrens - 1 + O.E 0.0 - 1.0 + 0. - O.E + 0.2 - 1.8, + 0.3 - 0. + 0.
feln + g.a - 8. - 0.4 + 4y - E "‘é' —11.E * g.o - 0. - 7.2 + Q.
Lgua-fornldohyde + 0.h - 3.5 - 0.2 + 1.6 -5, + 6.8 - ; + B.2 + 0.4 - 1.4 + 1.
ard rubber +]J.4.6 -1.5 - 2.7 + E.E - 2.7 . +lg-g -l .g +1{3).; + g.g -]%,2 * 2.2
Low-density balsa + %, =10, - 0.2 + h.B - 6. +18, +15. + 3. + 0. - B, + 1.
nxe R4 - 0.2 - 0.2 - 2.0 - 0.8 - 0.2 + 2.6 - 2.4 - 0.2 + 0.5 .~ 1.0 - lj
+ * X 6 * £ AX¥XD ¥ IODCETCLH
0allulome mostats + 1.2 - 1.2 - 0.1 + 1B - 1.2 +1.0 - 1.9 + 0.2 +Tg - 1.8 0.0
IPolystyrems 0.0 +0.1 0.0 + o.% + 0.2 0.0 - 0.8 - 0.2 0. -~ 0.1 0.0
%:in . - g.z - o.g . - g.g + g. ‘ - %.g + g.z - 1.3 + tlsi N g.g ~ 1.6 - g.u
=10 a - - 3. - s + kK. - £, + 0. - By, = Q. » - Ja + U
AN S O Y B Y - B RS- S T S RS * N < S NS - B - B S~ B <
w-density Iongth + O. - 0.3 . +0. 0.0 - - 0. 0. - 0. . -~ 0. - 0. - 0.
width  + 0.2 - 1.0 + De + 0,3 - o.g + 1.4 - 1.3 0.0 0.0 - 1.0 + 0.2
Class ' 0.0 + 0.1 - + 0. 0.0 0.0 + 0.8 0. - 03 0.0 - 0.2 + 0.1
: . L r ®1 ox.¥x ¢ 8 @ ' _ .
Cslluloxe mcetate - 0.9 + 0.9 0.0 + 0.% - 1.8 + 0.9 - 1.4 0.0 + 0.9 - 0.9
Folystyrens g 0.0 - 0. + 0.5 - - 0.2 0.0 0.0 0.0 + 0, + 0.2 - 0.k
Zein + 1.8 +0.% - + 0, + 0, - 0.k - B.2 +1.0 -1 -~ 2. - E'E -
Uzan-formaldsbyds - 1.3 -0 O +1.1 - 1.8 + 0.7 - E'° -0 ~ 0.7 ~ 1. +
Hard Tubber + é - 1.0 - o.z- + 1.0 - 2.2 + o.g - g + 3.0 + 0,5 - iz -
Low dsnsity bulsa + 2,1 - 1.6 + 1. 0.0 -1, + L - 1. - 0.8 0.0 - 1.
Glass - 0.5 + 0.2 0.0 0.0 0,0 0.0 0.0 L ="0.5 0.0 0.0

*Metnod 6011, Podaral Bpecifioation L~P—408n. Two spsoimens of each matsrial wers tested,
. Tha sama wpscimens wero subjacted to tests 1 to ¥, commegutively. Tha values in ths tablas
ATH AVATAZS Dhl-nfoa from the previouws oondition, calculatod to parcentage of the initiel
wolght or dimenalons of the conditionsd spscimen.

' ®provable errcr in the valuas is of the order of 40,3,

-

-t

"Probable srror in the valuss is of ths order of xQ,5.

LT
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TABLE III,- CHANGES IN WEIGHT AND DIMENSIONS OF LOW-DENSITY
MATERIALS DURING 240-HQUR OVEEK-FOG CYCLIC
ACCELERATED WEATHERING TEBST
) Change in Change in length Change in
Material weight and width thicknessgs
(percent) (percent) (percent)
Cellulose
acetate 0.056 -1.0 -0.6
Polystyrene ~-1.2 -.9 -.8
Zein -2.1 -3.0 ()
Hard rubdbber ~-1:2 -1.4 -1,1
Low-densgity
balsa -.2 ~-1.0 2.8
Glass -.4 ~1l.4 -1.6
i1Two specimens of each material were tested. The fig-

ures in the table are the average percentage changes, based

on initial conditioned values.

2Probable error in the values is of the order of £0.2,

aProbable error ia the values is of the order of £0.5,

“One specimen exhibited l.l-percent increase, the other
l.l-percent decresass.
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TABLE IV.- EFFECT ON LOW-DENSITY MATERIALS OF EXPOSURE

CUTDOORS FOR 7 MONTES?

Changes in 2
Materisl dimenslons Warp Remgrks
Length- |Cross- Length- on conditfons after
wise wise wise exposure
(percent fpercent)| (in.)
Cellulose
acetate -10 to0 10 —-20 | —me—em= Badly warped
Polystyrene 6] 0 0.12 Eroded so that thick-
ness is half of orig-
inal, except where
wire screen protected
panel.
Zein ~13, -9 2.9 Underside soft near
center, probadly
., caused by abdbsorption
" of condensed molsture.
Hard rubder -2.5 -.8 .6 Surface dulled:
slightly warped.
Balsa,low-
density 0] -4 .04 Surface cracks in d4i-
rection of grain,.
Glass 0 o 0 Same as original.

lSpecimens exposed from March 15, 1944 to Oct. 17, 1944
on roof of Ipndustrial Building, ¥at. Bur. of Standards, B
Washington, D.C.: examined at 3:00 p.m. after 3 days of clear
weather. '

®Warp caleulated to that for specimen 12 in. in length,
assuming that warp variee with square of length of specimen.
The lengths of the specimens varied from 9 to 18 inm. o
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%' " TABLE V.- CHANGES IN WEIGHT AND DIMENSIONS OF LOW-DENBITY MATIRTALS®
o IMMERSED FOR 7 DAYS IN CHEMIOALS AT 35° ¢
Change Change 2 Ohange Change
e for . for Ohange for urea- Change for low- Change
Chemicals cellulose poly~ for formel- for hard|! density for
acetate styrene zoin dehydes | ,Tubber- balsa . glass
(percent) (peroeqt) (percent) | (percent).| {percent) | (percent) |[(percent)
Weight H
Water . 420 130 1580 960, B85 510 10
Ethyl aleohol, :

95 peroent 300 - 810 280 1440 53 580 7
Ethylene glyocol 360 * 100 310 580 40 250 17
Glycercl 340 - 180 40 300 31 210 18
Discetone L.

aloohol Dissolved 300 480 1570 79 330 , :18
Acetone Dissolved | Dissolved 300 1170 100 830 i -
Motor oil —

(SAE #10) "180° - 180 180 1760 55 190 14
Gasoline blena® 180 .. ' | Dissolved 130 1370 310 490 8
Heptane 170 84 - 180 1360 48 330 9

. Length and Wiadth® L "
Water .. 3.4 -0.7 -0.8 3.0 0 0.7 3.8 -0.7
Ithyl alcohol, .

86 percent 5.8 .7 10.0 1.9 .8 .8 1.8 o}
Lthylene glycol 6.8 1.4 5.4 -1.3 o] .8 3.8. -.1l
Glycerol -.8 4] -.8 -.8 .1 B A CE 4 0
Diacetone MR

aloohol Dissolved 33.6 11.3 -1.8 -.3 41 3.0 -.1
Acetone Dissolved | Dissolved -4 -1.83 0 1.4 -.8
Motoyr oil " .

{SAE $#10) . -0.1 . -1.0 -.4 .1 -5 -.8 -.1 o1
Gasolins blend® .3 Disgolved -.8 3.0 2.1 {0 .1 1.3
Heptane -7 -49.3 -.3 ‘-8 .6 | =.3| =-.3 -.8

Thickness
Water -1.0 -1.1 1.0 2.8 -0.8 1.4 -0.7
Ethyl alcobol, o . .

85 percent 4 8 - g.5 1.7 .8 3.3 .1
Ethylene glyocol -.7 -4 " 6.0 -1.4 -. 4 3.0 -1
Glycerol ~1.4 1.8 -1.8 -9 . .8 3.4 0
Diacetone ° ]

alcohol Digsolved 30 13.9 -1.5 -.Q .9 -.1
Acetone Dissolved | Dissolved -7 -1.8 0 1.3 -.5
Motor oil ' Dy

(SAE #10) -0.86 . =0.3 .-2.1 - B 0 9, T
Gasoline blena® 1.3 . |'Dissolved| * 2.7 T - 1.3 [+ B R
Hept&hg.*v N -.7 ~41.7 . | wGe I A ~.4 e 8 - 4

! " N e N P -lj' l'. - ': - - - N :
‘ 0ne specimen of each.material was tedted. The percentage change ig based on the
initial weight dr dimensions of the conditioned specimen.

27he gasoline blend consisted of 80 percent 100 cotane gasoline, 30 percent toluense,
15 percent xylene, and 5 percent benzene.

3probable error in the values ig of the order of #0.3.

‘Probable error in the values is of the order of #0.5.
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TABLE VI.- OHANGES IN IEIGHI L!D DIMEXSIQONS OP LOI—DENSITY HATERIALS
JMMERSID FOR 7 DLYS Ir CHEMIOALS AI 35° o' AND THEW - U e
AIR—DR;ID AT 35° T0 30° 0 FOR 7 DAYS
Change Change. Qhange ) Ohanga
for . for ) Change for urea- | Change for low- | Change
Ohemicals cellulose poly- (-} formal- 4 for bard density for
_acetate styrene; | zein dehyde s} Tubbexr balss glass
(percent) | (percent)’| (percent) | (percent) | (percent) | (percent) | (percent)
Comoe e Weight e ST
Yater (o} (o} .~ 38.7 -1.5 - 3.4 -4.0 -0.2
Ethyl alcobol, "

95 percent : o] 0 175 49.0 2.3 -.8 -.7
Ethylene glycol | 211 34.7 188 468 6.0 384 16.2
Glycerocl 190 147 38.38 130 28.3 188 11.1
Diacetons

alcohol Digsolved 1.0 338 2380 18.8 40.0 -4
Acetone Digsolved | Dissolved -17.7 -3.0 7.8 ~%.0 -7
Yotor oll .

2SAE +10) 108 137 ., 133 1358 53.8 300 13.1
Gasoline blend® - 8.4 Dissolved 28.0 31.0 7.4 87.0 -7
Heptane . -1.8 3.4 103 14¢.0 1.9 188 -.8

Length and Width® L x L
Water -0.4 -0.4 -1.3 -0.6 0.1 0.8 0 ;1 =0.5
Ethyl aloohol,
95 percent -2.3 -3 1.3 3.7 .3 4 -4 -.3
Ethylene giycol 6.4 -.8 2.0 3.8 -8 .7 3.7 -3
Glycerol -.3 - ~.5 -.8 . .8 1.0 ,g o
Diacetone :
alcohol Dissolved —.2 7.1 -8 0 .4 2.2 -1
Acetone Dissolved | Dissolved -8.5 -1.7 -.9 .1 ]=38.1 -.5
Motor oll
(SAE #10) -0.1 0 -0.8 0.4 -,8 o} -.3 -.1
Gzsoline blend® .2 Dissolved -4 . -7 0 -3, -.2
Heptane -.3 -50, -4 ~1.3~ .B 4 .7 =.%
Thickness® -

. [} [

Water 0.4 0 ;.‘_ : 1.8 -0.9 0.4 1.8 . =0.4
Ethyl aloohol, -y Bt . -

95 percent -1.4 -.7.. 2.4 3.0 .8 2.1 -.4
Ethylene U,

glycol -3.0. ~.2 3.0 -1.5 .4 l.4 . =3
Glycerol -4 0 -1.7 -k 0 2.3 -.1
Diacetone ’

alcohol Diseolved -.5 2.8 -.8 o} .5 -.1
Acetons Digsolved Dissolved -8.3 -1.7 .4 1.3 -.4
Motor oil - .

(SAX #10) -0.3 9 -3.5 o] 8. ]. -.4 . -.1
Gasoline blend® -2.4 Dissolved . - 2.8 ‘4 ~8.0 -.a v -.2
Heptane -3.8 -44.1 -.9- -1,0 T WP Vel.5 e Tl

0ne specimen of emch material was tested.
initial weight or dimensions of the conditioned specimen.

%7ne gasoline blend consisted of 60 percent 100-occtene
15 percent xylene, and 5 percent benzene.

3probable error in the values is of the order of *0.2.

IRTS .
*Probable error in the values is of the order 0f x0.5.

re .

The percentage changs is based on the

gusoline, 30 percent toluqu,
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TABLE VII.. WATER ABSORPTION' OF LOW-DENSITY MATERIALS

Change after Change after Total change
2 24-hr immersion 24-hr drying from initial
Material at 770 7 at 1220 F condition
(percent) (percent) (percent)
Weight
Cellulose acetats 201 - 200 1
Polystyrene 78 ~-77 1
Zein 163 -99 64
Urea-formaldehyde 399 ~397 2
Hard rubvder 27.1 ~-27.5 -.4
Balsa,low~density 203 -202 1l
Glass 139 -139 0
Length and Width3
Cellulose acetate 2.9 -2.7 0.3
Polystyrene -.2 s -.4
Zein 1.5 -4 1.1
Urea~formaldehyde 4.6 ~-4.8 -.2
Hard rubber .1 -3 -.2
Balsa, low-density
(length 1.0 ~ 4 .5
(width 3.5 -3.0 .5
GFlass -.1 -.2 -3
Thickness®
Cellulose acetate 0.7 ~0.3 0.4
Polystyrene -.3 -.6 ~.9
Zein 4,0 ~1.1 2.9
Urea-formaldehyde 4.4 -~4,9 -.5
Hard rubber .4 -.2 R
Balsa, low-density 2.7 -3.9 -1.2
Glass ~.1 -.1 -.2

1Procedure same as Method 7031,

L-P-406a (reference 3)..

Federal Specification

20ne specimen of each material was tested. The percent-
age change is based on the initial weight or dimensions of

the conditioned specimen.

zProbable error in the values is of the order of x=0.2.

4
Probable error in the values is of the order of £0,5.



TABLE VIII.- BOFINESS INDEX FOR SAMPLES IMWKRSED IN VARIOUS GHEMICALS
Scliness gmf befora and after Immoxalon in the Indicstod Chomliosl for
B 0,
. thy 1 Ethylens j ) acetong | | Nowox Oil Gasolineg
00! .
| ot | Mowrerewntueds [ TE Ay e e,

Oellulose Rostats | Bafors lmmersion 2.0 | 0.6 0.8 1.2 | 1.2 L4 | 0.8 —_— | — —— | — 0.6 | 0.7 0.9 0.2
do, Ater 7 duys merslon 1.8 | 1.0 a.8 1. 1.0 1.2 0.2 Desplvad Dissolved O.Z 0. 1.0 0.{

. Mtar | dayw alr drying LE [ 0.5 0.5 1.k | 0.6 1.5 | 0. . — m— | — 1. o.? 0.9 0.
Polystyrene Befors immersion 0.6 | 0.8 0. 0.6 | 0.4 0. 0. o0.% | 0.6 — | — 0.6 | 0.6 — 0.6
,:o. Aftor 7 days immersion 0.4 | 0.2 O.Z 0. 0.8 1.1 1. 1.6 | 0.6 Diszolved 0.6 | 0.4 Die 1.0
do. Miexr 7 days air drying 0.6 | 0.8 0.2 0. & 0.6 | o.b 0.6 | 0.7 — — 0.7 | 0.8 —_— 0.2
Tein Bafore imsersion o.i 0.5 0. 0.4 o.{ o.a 0. 0.8 o.g 0.% | 0.2 0.3 | 0.6 0.k o.%
do, if4or 7 days immersion A, g.k 135 E.g 15. 0. 0.2 SR 1.8 o.ﬁ o.; 0.4 0.b D'E

do. Afder 7 duys sir drying a,6 | .0 . 17.8 0.5 | a. g.o B8 0.3 | 0. 0.2 | 0.2 0.2 0.
Urea-formaldehyds | Before Lmmersion L2 | 1.2 o.x 1.1 | 1.2 1.1 | 0.4 1.0 | 1.1 1% | 2,9 1.0 | 1.0 1.3 o.z

ds, Mioxr 7 days immersion 2,1 | 1.8 1. 1.0 | 0.8 1.0 |11 0.2 0.8 1.6 ;.9 0.9 | 0.8 1. 1.
. AMtor ; days alr drying 1,8 | 1.3 0.8 1.2 | 1.0 1.0 | 1.2 0.2 |1.0 1.0 | 1.5 0.8 | 0.9 1.2 1.8
Herd rubber Bofors immarsion o.z 0.1 0.2 0.6 | 0.% o.M | 0.2 0.6 | o0.B o.; 04 0. 0.2 0.6 0.4
do. Afer ; dnys immsrsion Q. 0.2 o.E 0.6 |0, 0.2 0,2 0.6 0.2 1. a.} 0.k | 0.2 g.# 0.6
da. Aftexr 7 days air drying ok | 0.2 0. 0.5 | 0. 0.5 | 0.2 0.5 | O, 1.i o 0.6 [ 0.2 .8 1.0
Low-dsnsity balsa | Befors imsarsion o.k | 0.3 0.2 0.2 | 0.1 0.2 | 0.2 o.g 0.2 0,3 | 0.2 ok | 0.2 0.2 1.0

do. Afiar 7 days immersion ok | 0.2 0.k 0.4 | 0.4 o.g 0.8 o.% | 0.0 D'E 0.2 O'E 0.2 0.2 .
do. ifter ; dsys air drying 0.2 | 0. 0.4 0.k} | 0.0 0.2 | o.2 0.3 | 0,6 0.4 | 0.2 O.% | 0.2 0.2 0.k
Glass Befors immorsion oM | 0.2 0.0 0.2 | 0.2 0.1 | 0.1 0.2 | 0.1 0.1 | 0.2 0.2 | 0.2 0.1 0.2
do. AMisr ; days imeersiom 0,2 | 0.1 0.2 Q.2 | 0.2 0.2 | 0.0 0.1 | 0.0 0.2 | 0.1 o.a 0.2 0.2 0.1
Aftor 7 days ailr drylag 0 0.1 0.2 0.1 | 0.0 0.2 | 0.4 0.2 |o,2 0.1 | 0.2 o, 0.1 0.2 0.2

lSftnasa indsx is deficsd &s ths differsnae in the dimensions of the spocimsan in mmdredtha of
an inoh as measursd on the Schiafer compressomater for foroes of 0.1 and 1 Eond, rou ively;
n

tha bigher the mumber, the pofier the materiel. Ths valuss shown 1
width are the averages for the measursments in the two dirsctioms.

the colmame for length and
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TANLE 1X.- FIITUR® PROPERTIRS' OF LOW-DEESITY NATERIALS

___ Materigl

Gallulose acetata

P’olntrrmo

Zaln
1‘3&\1 rubber

Low-denetty balss
High-density balsa

Glass

Gpecimen

Lengthwise
Crosswiso

Langthwise

‘| Crosswine

Lengthwise*

Le
Crosswisse

Lengthwise

Etfectlve
Fo. of ___Tﬂa}éﬂ%d M¥o2ulus of Rupiure, S ci§c Floxurs ‘l'a.:tuas
§- Ave. Lverage Rangs by
et (b (/1) | (1v/208) | (a0/20%) Spac-eptn | Pads Teod ad # -

2 Koo &0 Hora 000 3,000
2 200 200 ?5) 1000 ; Nona ‘ ;gg:ooo 25000
2 900 £00-1,000 % 25 Fona 130, 000,000 ,000
2 1, 1,300-1,%00 Nene 150, 000, 000 000
2 1,& 200-1 800 % ;g-'-% % x ,000,000 | 120,000
2 2,600 | 2,500-2 60 &0 ¥ 670,000 2,h00
2 2koo | 2 905 60 %a; ; ¥ooe 5507000 2,200
2 5,400 g.zgg_—z,{oo 100 100 % ¥one 12,000,00C | 17,000
e ,800 ’ »100 Fone 14,000,000 15,000
e glm IEW-BITW % 75-5%5 ) § 12,000,000 12.000
: — — % 20-790 Ny Tone | e
3 195,000  [184,000-210,000f —— — 7 ¥ &0 000,000 —
— — 2 2,150,050 P —_ 100,000
g — — % E:&,m b p — 1000
650,000 {640,000-720,000{ 5,260 »960=5, 550 7 x 31,000, 000 67,000
e — — 05 . 100-110 7 P — §,100

* yi dwpan losiding: hand wotion adjusted to produce 0,006 to 0,012 in./iu. /min. strain rate
for extreme fibers at midspan.

2P w2 by 1 by 1/h in. plywood block; ¥ » 2 by 1 by 1/b in. methyl methaorylate resin.
3Darsity of compression test speoimen.

4 gpecimens taksn from two differsnt blocks of material

*Bpeaimens saken from & differsnt blook of waveriel than others.

®gtrain rate 0,002 in./in./min.

" Range 0.1% to 0.22.

® Rangs 0,16 %0 0.27.

e
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TABLE X.~ FLATHISE CCMPRESSION DATA FOR LOW-DEXSITY MATERTALS

Effective compressive g
Density | ¥umber off modulusg of elastlcity® Spherical of head
' average gpeci- Average Range head used | motion
Material (gf cm nens¥ (1p/in.®| (1b/in.?) (1n./min)
Cellulose 0.039 3 3400 3300 to 3500 Yes 0.05
acetate .088 6 3300 2400 to WL0O Yo .05
Polyetyrene .0183 3 300 280 %o 310 Yes .1
0190 5 4a0 1190 to K60 No .1
Zein 169 3 570 500 to 6U0 Yes .1
.180 2 470 260 to 680 ¥o 5]
Urea- _
formaldehyde 037 1 30 Tes 2
Hard rubber 071 3 400 360--160 Yes .1
072 2 RY40 370~710 Ho .1
Balse,
low-density .070 3 1400 1200 to 1600 Yes .05
077 2 1500 1300 o 1700 No
Balas, 17 3 15,000  [12,000 %o 18,000 Yes .05
high~deneity .22 3 34,000 27,000 to 38,000 Yo .05
Glase 165 3 loe. 5000 No 05
ASpecinens were 3 by 3 in. by the thickness of the sheet except for the balsa speci~

mens, ¥hich were 1 in. thick with planed faces.

®Based on compressive deformation as indicated by change in distance between the top

and bottom bearing blocks.

obtain the modulus,

The slope of the straight pbrition of the graph was used %0
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TABLE XT.- IDOEWISE COMPHESSION DATA FOR EOW-DERSITY MATERIALS

[ Material '

Cellulosé mcetate

Polystyrense,
do0

Low-deansity balsa

- do.

. . Effective Comprossi Compreseive - ' Rate of
Dir:;tion‘_.— 2;';3“7: ¥o. of od‘:lcusmf tici? T voTize a Btrulg' Sphen.:ﬂ Ha:::
Speci-~ A‘E aga | — %p‘_"n' E ot
| Togding |{(gfcm’} | wens? (Rfm;n 2) (1b/108) 1b/inE 2) Teed ign.(nnn.)
hwise |- 0.08% : £50-600 ca. 10 to 207 ¥ 0.1
'&:2;‘:.1.:’ -1 .0.079 ; %%8 zso-goo os. 10 to 20° ¥o 0.1
] hwi 0.019 700- 1 16-17 o 0.2
féﬁf‘m.:' 0.0%9' 3 28 730-.9{?58 1Z 14-18 X - 0.2
Lengthwige | 0.016 2 790 660-920 35 32-37 Yes 0.1
Lengthwi 0. 081 2 ,500 200-3,900 . 1-54 Fo 0.2
Grosemice 0.079 3 - g,zoo . ;,’.9003:500 g 25-55; Fo 0.2
4
hwl 0.0 ,000 | 68,000-138,000 50 500~ Yes 0.
l-auségi se 8'£' 2 1g§,ggg 13?000-1 76800 Z& . e Xo g.é
Cros fe . N 2 1 ol .
. 0.073 i 3,000 :2&3,5«; 4o : 37—& No 0.
Lengthwl 0.26 g — — ' £00-3,500 ). 0,
dor 0.32 5 750,000" | 690,000-810,000 2;83 a:mz.gm Tr: :'i& t;o.ao;%.oou
' ] L
Crosswise o.21 . 20,000 12,000-32,000 1 00 b (1] 0.
“an. 0.18° % 20,000 | 1& ooo-%7, 130‘ 123:250 Yo L o.%

PR PR RN PR W NN e
»

‘Spaoimens were geomstrieally eimilar wiih height and width sach equal to twice
tha thiokness.

*Bused on compressive deformation as indioated by change in distancs between fop
. and bottom bearing hlocks. The slope of the straight portion of the graph
was used to obtain the modulus.

3gtress-stirain dagram does not become qnite horilontal, 80 thess values are not
¥ield stresa in the ideal sense.

‘Range 0.067 to 0.089
‘Range 0.17 0 0.27
*Rangs 0.16 to 0,22 .

"Dial gages graduated to 0,0001 inch used for indioating distance betwsen bearing
Plocks in thie test.
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NAOA TN No. 991 | Fig. 1
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Figure 1.~ Schiefer compressometer used for measuring
dimensions of low-density materials. Spec-
imen 1s polystyrene.




Figurs 2.~ Flexurs jig in place in testing machine. low-magnification
extensometer, Model P8-7, 1s mttached.
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Figure 3.~ Flexure speclmen of hard rubber in place

ready for testing.

+

*ON NI VOVHE

168

g *3td




NACA TN No. 991 Fig.
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Figure 4.- Compression test bearing blocks equipped with

brackets to which Southwark-Peters plastics
extensometer can be attached.



NACA TN No. 991 _ Fig. 5

Figure 5.- Specimen of polystyrene in place for flatwise
compression test. Aluminum alloy spherical bear-
ing head on top of specimen.
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Figure 6.- Specimen of balsa wWood in plade for edgewise com-
pression test. High magnification extensometer,
Model PS-8, is attached. i
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Figure 7 (a to o).- Bamples of low-density materials after 3 months

outdoor exposure, March 15 to May 15, 1944, in
"Washington, D.C. A, glass; B, bhard rubber; O, zein; D, polystyrene;
E, cellulose acetate; F', low-density balsa. .
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Figure 7.- {Continued).
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NACA TN No.
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Figure 7.- (Concluded).
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Figure 8a,b.- Samples of low-density materials after 7 months
outdoor exposure, March 15 to Ootober 14, 1944,

in Washington, D.(¢. A, glass; B, hard rubber; O, zein;

D, polystyrene; E, cellulose acetate; F, low-density balsa.
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Figure 8.~ (Concluded).
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NACA TN Ndi b9l - Fig. 9

= |
|
40 Hard rubber |
Lengthwise specimen Crosswise specimen
Depth 0.99 in. Depth 0.9Y9 in.
Width 1.99 ia. Width 1,98 in.
20 Span 7.00 in Span 7.00 in.
=
3
(=]
H 2
—
/ —=| 0.20 in, <———/
10
Deflec}ion
0

Figure 9.~ Typicael flexure load-deflection curves obtained
with an automatic recorder.
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Figure 10.- Average flatwise compressive stress-airain curvas for low-density materials,

Compressive strain, 1n.}1n.
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High~density balsa, High~density balea,
orasawise ' / langthwine

330

200

180

180 3800 ——

o140 o8
-3 o
H :
0 | ]
5120 H
1 B
[ ] [ J
: ;
e100 g 2000
| N

80 1800

Low-density balsa,
orossyise
a0 i 1200
’\F Bard rubber bow-fmnity balse,
longthwise
40 = 800
Isln i
/r v
A Osllulone acerate pd
! 400
f """
0 .08 04 .08 .08 10 .18 14 18 .18 o 004 .008 .018 018 .0&0 .0=4

Compressive sirsin, in./in.
pigurs 1l.~ Aversage sigewise oOmpresslve miress-strein ourves for low-density satorials.

Conpressive strain, lu./in.
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Load, 1b

Hard rubber
500
aso
1/
mL .
100
o]
—-ﬁ 0.06 in, f—
Daforsation
Polystyrene
160
__,_v—"-"_' l 1
100 / yd
1 a2 3
60
— 0,06 in,
Deformation
—~ — A |

Figure 13.- Typioal flatwise-compression losd-dsformation ocurves obtalngd with sn sutomatio recorder. Bpeolmyns 3-oy ¥-by l-inch were tested

using a spherical hesd,

11

1000

900

Low-density balaa

Load, 1b

/J/
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Hard rubber
a0o
—_.._.______“_-‘ 4
\‘________‘__N
180 >
1 a Low-degaity 'balea
180
/_'
40 <
. o
a -
-~ - ]m
3 3 /
3 —3 0.06 in.[— - , A ]
Deformation : ) / . ____‘________...—--——————-|
100 —

L

Polyatyrene / /7
a0

*\
I
2

vel

1
\
_\

/ o
—.,.1 0.05 in, k— ~» 0.08 1n. [+—
Deforsation IDcrormicin ’
| |

Figure 13,- l'nnun.'.l. edgowiss-oconprassion “losd-deformation surves ohtnnad With an smutomstic recorder. Speoimens 3-by 3-by 1-inch wera tewted; a spherionl
sad was used only for the low-density balam, whiob was tested arozawise.
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